Background: The 'Sepsis 6', a care bundle of basic, but vital, measures (e.g. intravenous fluid, antibiotics) has been implemented to improve sepsis treatment. However, uptake has been variable. Tools from behavioral sciences, such as the Theoretical Domains Framework (TDF) may be used to understand and address such implementation issues. This study used a behavioral science approach to identify barriers and facilitators towards Sepsis Six implementation at a case study hospital. Methods: Semi-structured interviews based on the TDF were conducted with a sample group of consultants, junior doctors and nurses from Emergency Department, Medical and Surgical Admissions, to explore barriers/facilitators to Sepsis Six performance. Transcripts were analyzed following the combined principles of content and framework analysis. Emerging themes informed a questionnaire to explore generalizability and importance across a sample of 261 stakeholders. Median importance and agreement ratings for each theme were calculated overall and for each role and clinical area. These were used to identify important barriers and important facilitators as targets for performance improvement.
Background
Sepsis remains a global issue, with timely recognition and treatment crucial to outcome. Recent international consensus emphasizes importance of early identification of organ dysfunction in patients with infection [1] . Timely antibiotic administration in septic patients has been adopted as a national standard against which UK hospitals are measured, with performance linked to financial reward or punishment [2] . Indeed, modern care standards, with early antibiotics and fluid resuscitation, show significant mortality benefit compared to previous research [3] [4] [5] [6] [7] . However, many patients still die from sepsis around the world each year, with international care standards rarely achieved in full [8] [9] [10] . One strategy adopted to improve this is using a simplified care bundle, the 'Sepsis 6' (Table 1) , which demonstrates increased compliance and an association with reduced mortality compared to full Surviving Sepsis Campaign care bundles [11] .
Performing the Sepsis Six requires a range of behaviors to be performed by multiple individuals at different organizational levels (e.g. nurse identifies unwell patient, junior doctor diagnoses sepsis, prescribes bundle, escalates patient to consultant and performs blood cultures, nurse administers oxygen, fluids and antibiotics.). Previous research identifies it as a complex 'trajectory of workflow' , requiring prioritization and coordination, prone to operational failure [12] . A range of cultural, contextual and behavioral determinants are likely to influence implementation and result in variation in practice within and across hospitals. It is thus critical that quality improvement initiatives consider and address the broad spectrum of potential influences on implementation [13, 14] . However, systematic reviews identify that quality improvement initiatives in both emergency medicine and antimicrobial stewardship often fail to consider socio-behavioral factors influencing clinical decision making and practice [15, 16] .
Clinical practice is a form of human behavior, and may thus be understood using theory and tools from behavioral sciences [17] . Theory provides a replicable, generalizable framework through which to understand determinants of behavior [18] . The complexity and variety of available behavioral theories has posed a barrier to their use by non-specialists [19] . The Theoretical Domains Framework (TDF) synthesizes key constructs from 33 theories relevant to healthcare professional behavior change into 14 theoretical 'domains, ' representing the range of possible behavioral determinants, from 'knowledge' to 'social influences' and 'environmental context and resources' [18, 20, 21] . The TDF has been applied across a range of clinical contexts (e.g. antibiotic prescribing, transfusion) to systematically identify barriers/facilitators to healthcare professional behavior change (i.e. to conduct a 'behavioral diagnosis' to identify 'what' needs to change) [22] [23] [24] . To inform subsequent intervention design, TDF Domains have also been mapped to individual Behavioral Change Techniques (BCTs), enabling selection of BCTs that are likely to target identified barriers/facilitators [25, 26] .
Recent work has used the TDF to both analyze and refine a pre-existing quality improvement intervention around Sepsis Six implementation in a single hospital. This identified several themes regarding barriers/facilitators to Sepsis Six performance: 'Knowing what to do and why, ' 'risks/benefits, ' 'working together, ' 'empowerment and support, ' and 'staffing levels' [27, 28] . Ethnographic work identifies the need for a systematic theory-based approach towards analyzing the complex nature of this process, for example differences in barriers and facilitators between roles or clinical areas [12] . The increasing economic squeeze on healthcare, and the large resource demands of a critically ill patient, dictate not only that basic early interventions such as the Sepsis Six are performed well, but that quality improvement is focused, effective and efficient. There have been a limited number of studies adopting a behavioral and social science approach to understanding implementation issues in sepsis care, and there is a need for further studies to explore generalizability and contribute to the limited body of knowledge in this area.
Our study therefore aims to apply the TDF to systematically identify key barriers and facilitators towards Sepsis Six performance, and conduct a 'behavioral diagnosis' , prior to intervention development, at a different single hospital. More broadly, the study aims to demonstrate a 'worked example' of a replicable method for using behavioral theory in quality improvement processes within emergency medicine, and to enable systematic analysis of where problems lie for different roles and clinical areas.
Methods

Design and setting
Mixed-methods, two-phased study: 1) Semi-structured interviews based on the TDF, conducted with a subsample of relevant healthcare professionals to identify key barriers/facilitators to Sepsis Six performance; and 2) Questionnaires to explore generalizability and importance of identified barriers/facilitators. Table 1 Sepsis Six care bundle [9] Within the first hour of recognition of sepsis:
-Measured lactate/hemoglobin -Urine output -Blood cultures -Antibiotics -Oxygen -Intravenous fluids
Setting
Acute areas of a 760-bed district general hospital in England: Emergency Department (ED), adult medical admissions (MAU) and adult surgical admissions units (SAU). Unpublished local audits of Sepsis Six performance highlight low compliance in this hospital (0-20% septic patients receiving all bundle components within one hour) [29] .
Ethical approval
Local Research and Development department approval obtained confirming Service Development Project status, therefore not requiring formal ethics committee review.
Semi-structured interviews Participants
In order to investigate barriers/facilitators from the perspective of the range of clinical staff involved in Sepsis Six implementation, participants were purposively sampled from relevant stakeholders groups, including: registered nurses, junior-level doctors, or consultant-level doctors working in ED, MAU or SAU.
Potentially eligible participants were identified by the lead investigators (NR,GH), both doctors working on the critical care unit at the study hospital. Potential participants were approached over a 6-week timeframe, either in person or by e-mail. In line with previous studies using the TDF, a minimum initial sample of ten participants was proposed for full data analysis. An eleventh participant was then analyzed, and if new beliefs emerged, sampling continued until data saturation was achieved (i.e. no new themes identified) [24, 30] . Thirteen participants were interviewed initially, with a stratified sample of one consultant, junior doctor and nurse each from ED, MAU and SAU selected as part of the initial ten analyzed transcripts, with further participants selected at random.
Materials
A topic guide consisting of 29 questions to elicit beliefs about Sepsis Six performance was designed based on the TDF. It included at least one question relating to each domain. Table 2 lists sample questions from this study for each domain. The topic guide was developed by 3 critical care physicians with expertise in sepsis and a health psychologist with TDF experience. The questionnaire was piloted with nurses, junior doctors and consultants from other clinical areas within the study hospital. The topic guide was revised to clarify wording and is available as Additional file 1.
Procedure
Participants were invited either in person or by email. Written consent was obtained after a briefing regarding the study's purpose. Interviews took place either in person in a private location, or by telephone, by a trained interviewer (NR, GH), and were digitally recorded. Recordings were transcribed verbatim and anonymized.
Analysis
Interviews were coded and analyzed in 3 discrete steps, using content analysis following a combined framework analysis approach. These are standard methods from other TDF-based studies using semi-structured interviews [31] [32] [33] [34] [35] [36] .
Pilot coding A coding framework was developed to promote consistent coding of utterances into appropriate domains. This was adapted from previous Sepsis Six TDF research [27, 28] . To promote greater coding consistency, a pilot interview was transcribed and coded jointly by two members of the research team (NR,GH) [36] . Discrepancies were resolved through discussion.
Coding of participant responses into TDF domains
Participant responses were split into individual 'utterances' and coded into to the TDF domain it was judged to best represent. For example, "[The Sepsis Six is] a package of care which has been shown to improve mortality in patients with sepsis." was allocated to "Knowledge". Utterances corresponding to more than one domain were allocated as such, for example "We've got really good nursing staff who can do bloods and blood cultures as well." was allocated to both 'Skills' and 'Social and Professional Role'.
Thematic synthesis and generation of belief statements Utterances within domains were compared across transcripts, and those expressing similar views were grouped together. Belief statements were then generated summarizing each group of similar utterances. Belief statements are defined as 'a statement that provides detail about the role of the domain in influencing behavior' [36] . For example "It's easy [to remember the steps]. It's three in and three out." and "Relatively easy [to remember] actually. The fact I can remember them for this interview has proven to me that they're relatively easy to remember." were represented in the belief statement 'It's easy/difficult to remember the six steps in clinical practice'. Thematic synthesis was conducted by the lead researchers (NR,GH). Each generated belief statement was independently reviewed by a health psychologist (FL) to promote robust and defensible coding according to the TDF, and ensure the generated belief statement provided a valid representation of the constituent utterances [37] . Regular consensus discussions were held to resolve disagreement [31] .
Questionnaire Participants
All staff currently eligible from the stakeholder staff groups (consultants, junior doctors and nurses from MAU, SAU and ED) were identified. Staff on long-term sick or maternity leave were excluded from the distribution list.
Materials
A questionnaire containing 54 two-part questions was synthesized using belief statements identified in the interviews. Belief statements concerning importance, or different perspectives on the same topic which would be answered through individual questionnaire responses (eg "my colleagues do not have the skills.../I do not have the skills..." were collapsed and combined. Practical usefulness of the resultant data was also factored in, for example a general 'resource availability' belief statement was separated into questions on 'staff' or 'equipment' in order to focus on which resources were most in need of intervention. After entering basic demographic information, participants were asked to rank, on a 5-point Likert scale, agreement with two opposing statements constructed from each belief statement. For example, "performing the Sepsis Six IS part of my role" scoring 1 and "performing the Sepsis Six is NOT part of my role" scoring 5. They were then asked to rate this statement in terms of importance to their delivery of the Sepsis Six, ranging from 1 "very unimportant" to 5 "very important". Each domain had at least one questionnaire item associated with it. The questionnaire was available in paper format or electronically using SurveyMonkey. It was piloted with nursing and medical staff from other hospital areas (so not included in the study population), and revised to simplify formatting and wording of the Likert scale. A final version of the questionnaire is available in Additional file 2.
Procedure
Data collection took place over six weeks from June-July 2016. Participants were sent an invitation email. Consultants and lead nurses were asked to promote the questionnaire to staff. Paper questionnaires were accessible Likert scales produce ordinal data, with no guarantee that each participant has the same baseline, or the same intervals between descriptors. Therefore, median agreement scores and importance scores for the questionnaire as a whole were then calculated overall for each of these 16 analysis groups, in order to establish a 'baseline' level of agreement and importance for each group.
Selection of important belief statements
Agreement and importance were assessed separately for each question. Therefore, selection of important barriers required dichotomizing the answers to both of these aspects. For each analysis group, median agreement and importance scores for each question were compared to the group's overall questionnaire baseline agreement and importance scores. Statements were then dichotomized, being classified as barriers for an analysis group if the median agreement score for the individual question was less than the group's baseline agreement score for the questionnaire; otherwise they were classified as facilitators. Statements were classified as 'important' for an analysis group if the median importance score for the individual question was equal to or above the group's baseline importance score for the questionnaire; otherwise they were classified as 'unimportant'. This approach allowed identification of relatively important, or relatively unimportant, barriers or facilitators, for each analysis group.
Once important barriers and facilitators were identified for each analysis group, they were compared to look for areas of 'discord' between roles or clinical areas, where an important barrier for some (for example, 'Nurses' or 'Surgery') was an important facilitator for others (for example, 'Junior doctors' or 'Emergency Department'). Identification of discordant beliefs allows for further tailoring of subsequent quality improvement interventions.
Results
Semi-structured interviews Participant characteristics
No new belief statements were identified after analysis of the initial ten participant interviews; therefore, thematic data saturation was deemed achieved and no further interviews were conducted or analyzed (Data saturation table in Additional file 3). Interviews lasted a mean 35.8 min (range 18-48). 70% participants were male. Three participants were consultants, three were junior doctors and four were nurses. Three participants came from MAU, three from SAU and four from ED. Participants had worked at the study hospital for a mean 6.5 years (range 0. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Coding of responses into TDF domains
In total, 1699 utterances were coded into 14 TDF domains.
Extracted utterances were synthesized into 64 belief statements. These are presented in Table 3 with example quotes. The most populated domains were Social and Professional role (9 belief statements) and Intentions (8 belief statements).
Questionnaire
Participant characteristics
Two hundred fifty-five potential participants were invited to complete the questionnaire. 54 of these were consultants (36 medical, 10 surgical, 8 ED), 82 junior doctors (32 medical, 27 surgical, 23 ED), and the remaining 119 were nurses (38 medical, 18 surgical, 63 ED). Response rates are given in Table 4 .
Length of time participants had worked in their current role ranged from 4 months to 30 years.
Belief statements
Forty-six belief statements were 'important facilitators' for at least one analyzed participant group. 30 belief statements were 'important barriers' for least one analyzed participant group.
Status of each belief statement amongst the overall sample is presented in Table 5 , grouped by domain. Discordance is illustrated here by the number of groups for whom a belief statement was an important barrier, against those for whom it was an important facilitator. The complete results table, with median agreement and importance scores and interquartile ranges for each participant group for each belief statement, is presented in Additional file 4. Questionnaire results are discussed by domain in the following text.
Behavioral regulation
Belief within this domain focused on audit, feedback, improvement plans and the discussion of sepsis in 
Not enough beds (Consultant 2) 10
The equipment I have does/doesn't work our gas machine is down a lot of the time (Junior doctor 3)
8
The layout of the hospital hinders/helps my performance of the Sepsis six in one hour (patient location, equipment, medicine).
trying to get a patient seen and then treated within that time, and then if they're coming up to 4 h of being in the department are they moved to another ward before their treatment sort of is delivered, (Nurse 4) governance meetings. There were clear differences between departments and roles, with a trend towards beliefs in this domain being barriers for participants. Particularly the surgical department showed important barriers, along with the junior doctors of MAU. Overall there was a general perception of 'not enough feedback' (8 analysis groups), with the notable exception of ED nurses, for whom the detailed feedback they received was an important facilitator. The strength of belief amongst MAU juniors was sufficient to classify lack of an improvement plan as an important barrier for the overall sample (2 groups), despite the converse being an important facilitator for eleven other groups. An exception to the trend for this domain was a widespread belief that involving clinical staff in performance improvement processes would lead to greater improvements (15 groups).
Belief in capabilities
Though all 16 groups believed their confidence in the Sepsis Six itself were an important facilitator, nontechnical skills such as teamwork and communication were noted as important barriers for most groups (10/16 and 11/16 respectively). Discord was also observed with these beliefs, whereby confidence in such skills were important facilitators for groups within the surgical department, and for ED juniors (6/16 and 5/16 respectively).
Belief in consequences
Overall, this domain included important facilitators across all 16 groups, with important beliefs in the beneficial consequences of timely Sepsis Six performance and of benefits versus risks of the bundle. Notable exceptions here are a belief amongst MAU and ED doctors that the risks of the Sepsis Six outweigh the benefits in certain patient groups (e.g. oxygen in chronic obstructive pulmonary disease or intravenous fluids in cardiac patients). This was not reflected in surgical participants, who believed the Sepsis Six was always of benefit in their patients. Sixteen analysis groups in total: Overall sample (1), 3 departments (MAU, ED, Surgery), 3 roles (Consultants, nurses, junior doctors) and 9 roles within departments (e.g. ED Nurses)
Roberts
Emotions
This was a mixed domain, with 15 groups expressing regret if they failed to deliver the Sepsis Six as an important facilitator, but unimportant barrier beliefs amongst 13 groups about feeling too calm and relaxed when treating septic patients. Interview participants expressed that staff should be more worried and more stressed about sepsis, as it can be so indolent when compared to more obvious emergencies like bleeding.
Environment, context and resources
This domain included numerous barriers, particularly for ED and MAU. Reported important barriers included insufficient staff (13 groups), time (11 groups), equipment (5 groups), and beds (15 groups) to adequately deliver the Sepsis Six. Participants from ED reported having sufficient necessary equipment, however, encountered difficulties using it (e.g. gas machine in ED resus is often faulty). In contrast, equipment on MAU worked well but there were often insufficient levels (e.g. lack of drip stands for fluids). There were also concerns regarding location of care (15 groups), for example with surgically septic patients coming in via ED and MAU.
Goals
A time-based goal of completing the Sepsis Six care bundle within one hour was an important facilitator endorsed by all 16 groups.
Intentions
Facilitators within this domain included prioritization of septic patients (13 groups), intending to continue performing the bundle (16 groups), performing it if uncertain rather than waiting for confirmation of sepsis (13 groups), and intending to improve knowledge of the bundle (7 groups). Barriers included participants believing that some steps were more important than others (6 groups), and being unlikely to complete the full bundle if they believed the patient to be well (6 groups). Discord throughout this domain was evident in ED staff expressing strong competing priorities compared to other groups.
Knowledge
This was an important facilitator domain -most participants knew about the Sepsis Six bundle (16 groups), and the evidence supporting it (13 groups).
Memory, attention and decisions
Overall this domain had various facilitators towards Sepsis Six performance, with participants finding the bundle easy to remember (16 groups) , and that using it regularly helps this (13 groups). There was one strongly discordant belief, with about half of participant groups reporting that missing sepsis was an important barrier for them compared to the other groups who believed that for them, rarely missing sepsis was an important facilitator.
Optimism
All sixteen groups believed that improving performance of the bundle would improve patient care. There was a strongly discordant belief about whether performance of the bundle at the hospital would improve or not, with pessimism amongst ED and MAU juniors making this a barrier for the overall sample (3 groups), despite the optimistic facilitator belief being true for many others (12 groups) .
Reinforcement
This domain featured two barrier beliefs, with neither individuals nor the hospital being rewarded for performing the bundle. Despite this, most participants reported these barriers as unimportant barriers to their ongoing Sepsis Six performance.
Skills
Most participants believed their skills in the Sepsis Six itself to be an important facilitator (15 groups). There was, however, a strongly discordant belief regarding whether training in the bundle was sufficient or not, with around half of the groups seeing lack of training as an important barrier (7 groups) -compared to the remaining 9 groups who believed the training they received was an important facilitator.
Social and professional role
Overall this was a domain of important facilitators -all sixteen groups expressed as important facilitators that most aspects of Sepsis Six performance were part of their role, from identification of septic patients, deciding to perform the bundle to performing it themselves. One common important barrier was the high turnover of both medical and nursing staff in their roles (10 groups). A discordant theme was how much of the Sepsis Six a participant was actually allowed to perform. The majority of groups found this as a strong facilitator (11 groups), but medical and especially surgical nurses (2 groups) felt restricted and found this limitation of role to be an important barrier. Of note, ED nurses, who regularly do venous gases, blood cultures and have recently had protocols implemented to allow them to give the first dose of antibiotics whilst waiting for medical review, expressed this belief as a strong facilitator.
Social influences
This domain had both important facilitators and barriers. Most participants (13 groups) expressed as a strong facilitator that they could escalate septic patients, and that they felt that their colleagues believe the Sepsis Six to be of benefit (16 groups). There were many areas of discorddepartmental culture was an important barrier for six groups but a facilitator for the other ten, for example there was a culture of not measuring a urine output in ED. Six groups expressed lack of leadership in improving bundle performance as an important barrier, compared to eight groups expressing good leadership in bundle performance as an important facilitator.
Discussion
This study illustrates a structured and replicable theorybased approach to identify multiple barriers and facilitators towards performing the Sepsis Six in admissions areas of a large UK hospital. This addresses a recently identified gap in theory-based implementation research in emergency care, and illustrates a method which could be used to improve implementation of other similar interventions [15] . There are multiple barriers, including insufficient resources, insufficient training, poor communication and teamwork and lack of audit or feedback on performance. However, participants were confident in their knowledge and skills when performing the bundle and believed it to be beneficial to their patients. Whilst some beliefs are common between participant groups, there are many areas of discord identified where beliefs that are relative barriers for one group are relative facilitators for another.
Where does this fit with previous TDF-based research?
Previous TDF-based research into Sepsis Six performance [27, 28] identified several broad themes affecting Sepsis Six performance which this study supports: "Knowing what to do and why" is supported by this study's facilitator beliefs around knowledge of the Sepsis Six and its supporting evidence, and facilitator beliefs around skill levels. "Risks and benefits" is supported by this study's important facilitator beliefs in the 'Beliefs about consequences' domain, with widespread beliefs that the bundle is of benefit, with a few concerns about some elements in certain patient groups, for example fluids in heart failure. "Working together" was an important discordant theme identified in 'Beliefs about capabilities' and 'Social Influences' domains, and was variably an important barrier or facilitator, as were beliefs in the 'Social Influences' and 'Behavioral Regulation' domains based around "Empowerment and Support". "Staffing levels" is a theme widely addressed in the important barrier beliefs from this study's 'Environment, Context and Resources' domain. However, this study builds on previous research through identification of specific belief statements, and areas of discord between clinical areas and staff groups. This is vitally important when considering intervention design. For example, ED nurses had enough equipment like antibiotics or access to oxygen, but had problems with some of its function -such as the blood gas machine, whereas medical nurses had functional equipment but not enough of it. Being able to systematically identify detail such as this allows appropriate focus of interventions -in this case, on putting a 24-h repair service in place for the ED gas machine, and reviewing MAU equipment to allow purchase of shortage items such as drip stands.
Where does this fit in with previous ethnographic analysis?
Previous ethnographic research in Scotland identifies a wide spectrum of complex systematic barriers and facilitators towards Sepsis Six performance, far beyond the six simple steps the bundle is intended to be. Many of these themes are also identified in the site studied here, for example the importance of teamwork and communication, problems when prioritizing competing tasks, and maintaining a purpose in completing the whole bundle when acting in a system under pressure [12] .
More pertinently, ethnographic analysis of ongoing Sepsis Six quality improvement work suggested a benefit in applying systematic methods when analyzing elements of complex task performance to identify where problems lie. This is supported by the presence of discordant themes seen in this study, with some beliefs acting as barriers for one role but facilitators for another. Additionally, this study has identified the pressures brought about by the system, such as extreme pressure of resources or difficulties prioritizing, looking beyond the usual implementation approach of individual behavior change [12] . As suggested in the ethnographic analysis, this study presents a method that uses a theory-based approach that looks at both individuals and systems when analyzing barriers and facilitators to implementation.
Strengths and limitations of using the TDF to address sepsis six implementation
The Sepsis Six is intended to be simple yet is poorly performed in day-to-day clinical practice. The systematic methods used in this paper provide an in-depth insight into factors affecting this performance in staff groups at the study hospital. Whilst many identified beliefs may have been intuitive, such as those identifying resource shortages, the TDF-based method identified a broad spectrum of contextualized beliefs beyond this, such as leadership of the Sepsis Six quality-improvement process. The frequency and importance of these beliefs are likely to differ between and across individuals and groups, and thus the use of questionnaires to assess generalizability and importance of beliefs allowed identification of which staff groups and clinical areas perceive them as barriers or facilitators. Furthermore, identification of discordant beliefs between staff groups, facilitates more targeted use of behavior change techniques and hence better-designed interventions to improve performance of clinical behaviors such as the Sepsis Six -for example, a technique to improve teamwork could be focused on MAU or ED rather than surgery given findings that poor teamwork was an important barrier for these departments but an important facilitator for surgery.
TDF domains have also been linked to Behavior Change Techniques (BCTs) in order to create a 'treatment' intervention for the 'behavioral diagnosis'. Previous TDF-based Sepsis Six research has then been used to systematically guide the design of an intervention at the study hospital [26, 27] . The data collected in this study could be used to do similar.
There were several aspects of the method designed to reduce subjectivity during the analysis, including regular, iterative, multidisciplinary consensus discussions to critique the data and emerging analysis.
There may have been a degree of self-selection bias whereby those who completed the questionnaire were more likely to be engaged in quality improvement or interested in sepsis. The response rate, out of all eligible staff, is not unreasonable when compared to similar crosssectional TDF studies and therefore the authors believe this to be a fair and representative sample, but those who did not take part may be less motivated or knowledgeable about sepsis care, biasing the results [38] . Overall, the results had a positive skew, towards the 'facilitator' and the 'important' end of the Likert scale used. This did not affect the usefulness of the results, since a belief scoring as an important weak facilitator within an analysis group, if all other beliefs were important strong facilitators, was judged to be as relevant to address in an intervention as a belief actually scoring as a barrier. Furthermore, our analysis method allows for each participant to have a different 'baseline' to their Likert scale, hence the positive skew should not have affected the results in terms of producing results which are practically useful in intervention design. In addition, the results of larger participant subgroups (for example, 'Surgery') may have been influenced by their composition (for example if made up mostly of nurses). The pre-planned subgroup analysis aims this should not compromise the results for individual staff groups. Combining quantitative and qualitative data in this way in order to identify important beliefs, has been performed previously using the TDF [22] . The method used in this study enabled identification of pragmatic and useful results through in-depth qualitative exploration of a problem then larger scale quantitative research.
Further research
As a single hospital study, the generalizability of results may be limited. Different hospitals have different pressures and cultures as demonstrated by differences between roles and departments in this study. However, the concordance seen between this study and the previous single center and multi-center studies suggest there may be common themes in factors affecting Sepsis Six delivery between hospitals. If identified, these could be targeted for behavior change intervention at a national level. Completion of the questionnaire in other hospitals to assess for generalizability of results would systematically identify any targets for larger scale quality improvement, or reinforce the need for other hospitals to undertake a similar process through identification of discordance between participant groups. A multicenter study is currently underway using the questionnaire produced in this study.
Conclusions
Overall, this study describes a systematic, replicable method for identifying targets for behavior change in order to improve performance of an intervention, in this case the Sepsis Six. There were common barriers relating to lack of staffing and other resources, variable audit and feedback, variable communication, leadership and teamwork amongst staff groups. However there was a good knowledge and skill-base relating to the Sepsis Six, firm belief in the positive consequences of the bundle, and strong beliefs in it being part of each participant's role to identify septic patients and perform the bundle. Hospitals could use theory-based methods such as this to systematically identify barriers and facilitators towards their own sepsis bundle performance. They could then use these data to systematically guide design of an intervention. Conducting a behavioral diagnosis using this method could facilitate better and more efficient performance improvement not only in sepsis but throughout acute care. See Supplementary Digital Content for full results table, data saturation table, questionnaire and interview topic guide.
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